It has been demonstrated in previous studies that the illusions of extent of the Brentano type can be explained by the perceptual positional shifts of the stimulus terminators in direction of the centers-ofmasses (centroids) of adjacent contextual flanks [Bulatov, A. et al. (2011) . Contextual flanks' tilting and magnitude of illusion of extent. Vision Research, 51(1), 58-64]. In the present study, the applicability of the centroid approach to explain the right-angle misjudgments was tested psychophysically using stimuli composed of three small disks (dots) forming an imaginary rectangular triangle. Stimuli comprised the Müller-Lyer wings or line segments (bars) as the contextual distracters rotated around the vertices of the triangle, and changes in the magnitude of the illusion of perpendicularity were measured in a set of experiments. A good resemblance between the experimental data and theoretical predictions obtained strongly supports the suggestion regarding the common ''centroid'' origin of the illusions of extent of the Brentano type and misperception of the perpendicularity investigated.
Introduction
Assessment of the relative location of various objects is one of the routine tasks that the visual system effortlessly solves in the course of everyday activities. The ability to effectively operate within a dynamically changing environment indicates that the visual system possesses mechanisms that provide fast and reliable perception of the position of objects, regardless of their size, shape, and illumination. Although there are various cues in the objects luminance profiles (e.g., the peaks, or points of inflexion, or zero crossings) to judge their spatial separation, a considerable amount of experimental data indicates that the distances between the weighted means (centers-of-masses or centroids) of luminance envelopes are typically used by the visual system (Akutsu, McGraw, & Levi, 1999; Badcock, Hess, & Dobbins, 1996; Bocheva & Mitrani, 1993; Hirsch & Mjolsness, 1992; McGraw et al., 2003; Morgan & Glennerster, 1991; Morgan, Ward, & Cleary, 1994; Seizova-Cajic & Gillam, 2006; Ward, Casco, & Watt, 1985; Watt & Morgan, 1983; Westheimer & McKee, 1977; Whitaker et al., 1996; Whitaker & Walker, 1988; Wright, Morris, & Krekelberg, 2011) . According to the hypothesis on the indirect positional coding via centroids (Morgan, Hole, & Glennerster, 1990) , this phenomenon can be explained by the spatial integration of neural excitations evoked by the neighboring image parts. The integration causes the weighted pooling of positional signals which are utilized by higher-level brain mechanisms to compute perceptual decisions; as a result, the visual objects are perceived to be located at their centroids. Such pooling coarsens the positional acuity and can also be responsible for the emergence of some geometric illusions of extent (Morgan & Glennerster, 1991; Morgan, Hole, & Glennerster, 1990) : for instance, in the Müller-Lyer figure (or its Brentano modification) the visual system fails to extract the position of stimulus terminators (wings vertices) independently of the adjacent contextual flanks (wings themselves), therefore, observers overestimate or underestimate the length of the spatial intervals flanked by outward-going or inward-going wings.
The ability to evaluate the mutual perpendicularity of image components is another notable feature of visual perception. There is a considerable body of evidence that right angles can be both perceived and reproduced quite precisely and that there is no need for any preliminary training (Bulatov, Bertulis, & Bulatova, 2005; Chen & Levi, 1996; Heeley & Buchanan-Smith, 1996; Nundy et al., 2000) . On the contrary, the assessment of an acute or obtuse angle is a more complicated task, the solution of which may be facilitated provided the subject is given a verbal designation of the stimulus or its demonstration, prior to each trial during the experiment . However, even in this case observers still overestimated acute angles and underestimated the obtuse ones, whereas even slight deviations from the perpendicularity could be easily detected (Bulatov, Bertulis, & Bulatova, 2005; Chen & Levi, 1996; Nundy et al., 2000) . These circumstances indicate that right-angle stimuli may be used as a convenient and robust tool in psychophysical studies, and suggest the existence of some visual mechanisms that are responsible for the intuitive notion of perpendicularity. Despite the fact that at present there is no generally accepted view concerning the nature of these mechanisms, it seems reasonable to presume that at least in the case of stimuli consisting of separate elements (e.g., three dots that form an imaginary rectangular triangle), the visual assessment of perpendicularity is based on neural processing of information about the relative location of these elements (Bulatov, Bertulis, & Bulatova, 2005) . Thus, one can expect that equivalently to the case of the geometric illusions of extent (i.e., in the length-matching task), the presence of contextual distracters can significantly influence the perception of the relevant spatial attributes of the right-angle stimulus (i.e., evoke the illusion of perpendicularity in the angle-matching task), and the results obtained from our previous studies support such a suggestion. It has been demonstrated (Bulatov, Bertulis, Bielevicius, et al., 2009 ) that the effect of distracters can be explained by assuming the existence of spatial integration within some areas (areas of centroid extraction with a circular Gaussian weighting profile) in proximal surroundings of the target stimulus elements, and that the size of these areas grows linearly with eccentricity in the visual field.
Recently, referring to the ''centroid'' hypothesis, we have developed a quantitative model which was successfully applied to describe the data, obtained in experiments with the Brentano type of illusory figures comprising different contextual flanks: either the Müller-Lyer wings, or vertical bars, or pairs of dots (Bulatov, Bertulis, Bulatova, et al., 2009; Bulatov et al., 2010) . One of the crucial points of the model is that it implies the perceptual positional shifts of the stimulus terminators in the direction of centers-ofmasses of the contextual flanks. Accordingly, the rotation of flanks of any shape around the corresponding terminators should evoke a cosinusoidal modulation of the magnitude of length-matching errors. This pattern of changes was fully confirmed by our experiments with modified Brentano figures comprising the Müller-Lyer wings or arcs of a circle (Bulatov et al., 2011) .
The aim of the present study was to verify whether our current ''centroid'' approach can explain the influence of the rotation of contextual distracters on the magnitude of the illusion of perpendicularity (i.e., perceptual errors in the right-angle adjustment), and, if successful, to evaluate the parameters of centroid extraction in order to compare them with the results of our previous studies of the illusions of extent. For this purpose, we have performed psychophysical experiments with the right-angle stimuli supplemented by distracters of two different types: short line segments (bars) and Müller-Lyer wings (Fig. 1) . We have concentrated on the idea that misjudgments of perpendicularity for this type of stimuli (i.e., those made up of separate elements) can be determined by the neural processes of centroid extraction, and the present study was designed to investigate this particular source of perceptual distortions. Therefore, examination of perpendicularity perception per se, and in more general conditions when the right angles are defined by lines or edges is left beyond the scope of the present communication.
Methods

Participants
Four observers (LE, KA, RD, and BE) participated, two of whom (RD and BE) were naïve to the purpose of the study. All observers were refracted professionally prior to the experiments. Viewing was monocular, and the right eye was always tested irrespective of whether it was the leading eye or not. All participants gave their informed consent before taking part in the experiments that were performed according to the Declaration of Helsinki and were approved by the ethics committee of the Lithuanian University of Health Sciences.
Apparatus
The experiments were carried out in a dark room (the surrounding illumination <0.2 cd/m 2 ). A Sony SDM-HS95P 19-in. LCD monitor (spatial resolution 1280 Â 1024 pixels, frame refresh rate 60 Hz) was used for the stimuli presentations. A Cambridge Research Systems OptiCAL photometer was applied to the monitor luminance range calibration and gamma correction. A chin and forehead rest was used to maintain a constant viewing distance of 400 cm (at this distance each pixel subtended 0.25 min of arc), and an artificial pupil (an aperture with a 3 mm diameter of a diaphragm placed in front of the eye) was applied to reduce optical aberrations.
Stimuli were presented in the center of a round-shaped background of 4°in diameter and 0.4 cd/m 2 in luminance (the monitor screen was covered with a black mask with a circular aperture to prevent observers from being able to use the edges of the monitor as a vertical/horizontal reference). For all the stimuli drawings, the Microsoft GDI+ anti-aliasing technique was applied to avoid jagged edges of lines and dots.
Stimuli
Stimuli used in experiments consisted of three terminators (three dots, or one dot and two vertices of the Müller-Lyer wings, or two dots and one vertex of the wings) placed at the apexes of an imaginary isosceles rectangular triangle; the distracters, either the Müller-Lyer wings themselves or short bars, were rotated around the corresponding terminators (Fig. 1) . Two different modes of stimulus presentation were employed in two series of experiments. In the first series, two distracters were rotated around the lateral stimulus terminators (i.e., those at the crossings of the triangle legs and hypotenuse); the central terminator was represented by a single dot (Fig. 1, upper row) . The tilt angle, / of the bisector of the lower distracter (i.e., that is adjacent to the dot forming the horizontal leg of an imaginary triangle) was randomly changed from 0°to 360°, whereas the tilt angle of the upper distracter was varied as 90°À / (i.e., mirror-symmetrically relative to 45°Àinclined axis). In the second series of experiments, a single distracter was rotated around the central terminator (i.e., that at the apex of the right angle), and the lateral stimulus terminators were represented by dots ( Fig. 1, lower row) .
The diameter of the dots and the width of the bars (or lines forming the wings) were 1 min of arc; their luminance was 75 cd/m 2 . The other stimuli parameters that remained constant throughout the experiments were as follows: the length of imaginary triangle legs (60 min of arc); the height of the bars (8 min of arc), and the bar-to-dot distance (5 min of arc); the length (6 min of arc) and internal angle (75°) of the Müller-Lyer wings. It is known that the visual field anisotropy can cause significant systematic biases in angle estimations for stimuli with obliquely oriented components (Bulatov, Bertulis, & Bulatova, 2005; Snippe & Koenderink, 1994) . In order to reduce this effect we used horizontal/vertical orientation of the legs of an imaginary triangle in our experiments.
Procedure
The standard method-of-adjustment paradigm was used in our present experiments. The subjects were asked to manipulate the keyboard buttons '' ''and ''?'' to move the lateral stimulus terminators (together with the adjacent distracters, if presented) symmetrically along the arc of a circle (centered at the apex of the ''right'' angle) into the position that made both triangle legs perceptually orthogonal to each other. A single button press varied the angle between the triangle legs by ±0.2°. The initial deviations of the angle from 90°were randomized and distributed evenly within the range of ±5°.
The time of observation was not limited; the observers' eye movements were not registered. The subjects were encouraged to maintain their gaze on the fixation mark (the white spot, 4 min of arc in diameter) lying at the midpoint of the hypotenuse of the imaginary triangle (i.e., equidistantly from all stimulus terminators). The difference between 90°and the actual angle size (determined after the perceived perpendicularity was established) was considered as the magnitude of the illusion of perpendicularity.
A combination of two types of stimulus conditions was used in each experimental run. In the first stimulus condition, the contextual distracters were the bars, whereas in the second one -the Müller-Lyer wings. Trials from different conditions were randomly interleaved to reduce the effect of stimulus persistence. For both types of distracters, we used identical sets of the independent variable, the tilt angle (/) of the distracter's bisector relatively to the horizontal stimulus axis. An experimental run comprised 160 stimulus presentations, i.e., 40 randomly distributed values of the independent variable for each distracter type were taken twice. A single experimental run lasted for about half an hour. Each observer carried out at least five experimental runs on different days. Ten trials went into each data point analysis, and in the data graphs the error bars depict ± one standard error of the mean (SEM).
Analysis
In our model, we assume that (at least for the type of stimuli used in the present study) the misjudgments of perpendicularity are caused by the neural processes of centroid extraction which induce illusionary positional shifts of stimulus terminators toward the adjacent contextual distracters.
According to this assumption, the rotation of two lateral distracters ( Fig. 2A) should evoke perceptual changes of the size of the ''right'' angle by the law:
where / is the tilt angle of distracter's bisector; R is the length of the leg of the isosceles imaginary triangle; d is the supposed positional shift (i.e., centroid bias) of the terminator. From this point forward, we assume that all three stimulus terminators are located equidistantly from the fovea center, i.e., the distracters evoke the centroid biases of the same values. The rotation of a single central distracter (Fig. 2B ) should provide somewhat different changes in the size of the angle that can be described as: . The upper row illustrates the mode of presentation of stimuli with two lateral distracters (/, the tilt angle of bisector of the lower distracter; the tilt angle of bisector of the upper distracter was varied as 90°À /), whereas the lower row represents a single distracter mode. Large spot, gaze fixation mark. Dashed lines, the dimensions were not part of the actual display.
It is obvious that for d ( R, formulas (1) and (2) can be reduced to
and
respectively. Since the arctangent function can be replaced by its small argument, almost sinusoidal changes of illusion magnitude are expected (in the case of a single central distracter, the sinusoid is shifted in phase by 225°, and its amplitude is reduced by a factor of ffiffiffi 2 p in comparison with that in the case of two lateral distracters).
For the quantitative assessment of the magnitude of centroid biases, d we used our model of the geometric illusions of extent, described earlier in more detail (Bulatov, Bertulis, Bulatova, et al., 2009; Bulatov et al., 2010) . The computational procedure of the model involves two sequential stages: (i) a weighted spatial pooling of the neural excitations evoked by the stimulus terminator and the adjacent contextual flank within a certain attentional window centered with the terminator (analytically, this stage is described as the multiplication of the relief of the excitation by a circular Gaussian) and (ii) calculation of the position of centroid of the pooling by means of the 2D convolution of its spatial profile with that of the elongated receptive field (Gaussian weighting function along the short axis) of a certain summation unit. According to the model, in the case of point masses (here mass is considered as the amplitude of the neural excitation which is proportional to the object luminance) of the stimulus terminator and distracter, the centroid bias (or perceptual positional shift) of the terminator can be estimated using the following formula:
where d is the distance between the terminator and distracter; B = 0.5r
À2
, where r determines the width of the attentional pooling window (the area of centroid extraction); M and m, are masses of the stimulus terminator and distracter, respectively (an increase of the ratio M/m improves the accuracy of the formula). Assuming a linear superposition of neural responses in regard to the intensity of stimulation and considering the line segment as a set containing an infinite number of points, the proposed principle of centroid bias calculations can be extended to some other patterns with different spatial structure. For instance, integration over the thin bar placed at the distance d from the stimulus terminator (the bar is perpendicular to the imaginary line connecting its center with the terminator), yields the ''pooled'' mass of contextual distracter: 
where h and s refer to the length and the width of the bar, respectively; erf(x) is the error function encountered in integrating the normal distribution. Then, the perceptual positional shift of the stimulus terminator can be calculated as follows:
where M represents the ''pooled'' mass of the terminator disk with diameter s.
In the case of the Müller-Lyer wings (made up of two thin line segments), the ''pooled'' mass of distracter can be described as follows:
where w is the length of the Müller-Lyer wings; s is the width of the line. Accordingly, the perceptual positional shift of the apex of the Müller-Lyer wings can be estimated by using the formula: where h is the internal angle of the Müller-Lyer wings. One can expect that using of functions (1) and (2) in the experimental data fitting would enable to perform the estimation of the value of perceptual positional shift, d of stimulus terminators; moreover, using of formulas (1) and (2) with d replaced by functions (7) or (9) would allow to do the assessment (parameter B) of the size of the relevant areas of centroid extraction.
Results
Tilting of two lateral distracters
The aim of the first series of experiments was to quantitatively determine the magnitude of the right-angle adjustment errors (illusion of perpendicularity) caused, presumably, by the perceptual displacements of the lateral stimulus terminators.
The magnitude of the illusion is plotted as a function of the tilt angle of bisector of the lower distracter and is shown in Fig. 3 . As expected according to formula (3), the experimental results demonstrate an approximately sinusoidal pattern of changes in illusion magnitude for both types of distracters (Fig. 3 , circles and squares for the bars and the Müller-Lyer wings, respectively).
As it can be seen from the graphs, the extreme magnitudes of the illusion (the absolute value is approximately 3-5°for different subjects) were established with distracters bisectors orientations close to perpendiculars to the legs of triangle (the tilt angle, / nearly 90°and 270°for the lower distracter, and, consequently, 0°and 180°for the upper one). The illusion magnitude gradually diminished with distracters bisectors deviation from perpendicularity and decreased to zero when the tilt angle, / approached 0°o r 180°(90°and 270°for the upper distracter), i.e., when the bisectors were oriented along the triangle legs.
Tilting of a single central distracter
In order to investigate the effect of a single distracter rotation, the second series of experiments was carried out. The same as in the previous series, the tilt angle, / of the distracter bisector was randomly changed from 0°to 360°in 9.2°steps. According to formula (4), we expected the pattern of changes of the illusion magnitude to be similar to the inverted sinusoid with the phase shift of about 45°. It was also expected that the illusion strength should decrease (approximately by a factor of ffiffiffi 2 p ) compared with the results of the first series of experiments.
As can be seen in Fig. 4 , the experimental results for both types of distracters show the curves similar to the inverted sinusoid shifted along the abscissa axis to the left approximately by 40-50°. The illusion maxima (the absolute value is approximately 2-4°for different subjects) were established with distracter orientations close to oblique (bisector tilt angle, / about 30-50°and 220-240°). The illusion decreased to zero when the tilt angle approached 130-150°and 310-330°.
Data fitting
To check our predictions, we have fitted the experimental data with the following function:
where C is a constant component; F(/, B) represents either the function (1) or (2) for cases of rotation of the two lateral distracters or the central one, respectively; in order to evaluate the size of the relevant areas of centroid extraction, the parameter d in formulas (1) and (2) was replaced by functions (7) or (9) (i.e., d s , in the case of bars or d w , in the case of the Müller-Lyer wings). Therefore, in the (7) or (9) for the stimuli comprising the bars or the Müller-Lyer wings, respectively. Error bars, ±one standard error of the mean (SEM). Subjects: LE, KA, RD, and BE.
method of least squares two free parameters (C, a constant component; B = 0.5r
À2
, where r refers to the width of the circular Gaussian profile of the attentional pooling window) were used for data fitting.
A good resemblance between the computational and experimental results was obtained (Figs. 3 and 4 , solid and dash-dot curves); the values of coefficient of determination R 2 in all the cases were higher than 0.8. Analysis of the data with the chi-square test of residuals (df = 37, a = 0.05, 1 À b = 0.63) confirms this conclusion (Table 1) . In order to additionally examine the goodness-of-fit, for each approximating curve, the asymptotic variance-covariance matrix of the parameter estimates was calculated by multiplying a matrix of partial derivatives (Jacobian) of the model function by the residual mean square. These data allowed to calculate confidence intervals for predicted values at each point along the range of the independent variable (the tilt angle of distracter bisector, /), and to check whether the experimental data were significantly different from those obtained in the modeling. As can be seen in Fig. 5 , t-test (a = 0.05, 1 À b = 0.62) revealed no significant differences (for the majority of the data points, P-value >0.05) between the theoretical and experimental results for all the observers participated in the study. According to formulas (3) and (4), the value of the amplitude ratio close to ffiffiffi 2 p was expected for the ''sinusoidal'' changes of illusion magnitude for two different modes of stimuli presentation (with two lateral distracters or a single central distracter). In order to check this prediction, the sinusoidal curves (with the corresponding phase shifts) were fitted to the data collected in each experimental run. Then, the values of sine amplitudes in the sample obtained for the stimulus comprising two lateral distracters (the Müller-Lyer wings or bars) were divided by a factor of ffiffiffi 2 p and compared with those obtained for stimulus comprising a corresponding single distracter. With one exception, the results of t-test (df = 18, a = 0.05, 1 À b = 0.39) indicated no significant differences for all the subjects As can be seen in Figs. 3 and 4, the fitted curves show slight systematic shifts along the ordinate axis. Since the bias is observerspecific and has opposite directions in different subjects (Table 1 , parameter C), we believe that these shifts can be explained, mainly, by the inherent inaccuracy of the method of adjustment used in the present study (e.g., errors due to the impossibility of having a strict control on the subjects' gaze fixation during stimulus observations, or errors caused by biases in judgment and decisionmaking).
Discussion
The aim of the present study was to check whether our theoretical approach, which was previously applied to explain the emergence of the geometric illusions of the Brentano type (i.e., pure illusions of extent, or length), is relevant for accounting the data on perceptual distortions in angle discrimination. The results of the present experiments demonstrate that model functions (1) and (2) described in Methods section adequately predict the variations of illusion magnitude shown by all the subjects for both types of distracters (Figs. 3 and 4 , solid and dash-dot curves). Consequently, one can conclude that the results obtained are consistent with the idea that the local positional shifts of stimulus terminators can be one of the main reasons of emergence of the illusion of the perpendicularity investigated. However, the presence of the positional shifts is a necessary but not sufficient condition to infer the applicability of common centroid explanation for illusions of length and perpendicularity. Another line of evidence in favor of the latter suggestion can be the closeness between the (7) or (9) for the stimuli comprising the bars or the Müller-Lyer wings, respectively. Error bars, ±one standard error of the mean (SEM). Subjects: LE, KA, RD, and BE.
corresponding parameters of centroid extraction obtained in the length-and angle-matching tasks.
Accordingly to formulas (7) and (9), the value of centroid bias depends upon the size of the area of centroid extraction (parameter B), thus causing different perceptual shifts of the stimulus terminators located at different eccentricities in the visual field. It has been shown in our previous studies of the illusions of extent (Bulatov, Bertulis, Bulatova, et al., 2009 ) that the width of the area of centroid extraction (the spread of Gaussian of the attentional pooling window with two standard deviations, r on either side of the mean) increases linearly with its eccentricity with the values for the intercept 4.35 ± 3.29 min of arc and those for the slope 0.3 ± 0.11. Also, these values are close to those reported in our earlier study (Bulatov, Bertulis, Bielevicius, et al., 2009 ) of right-angle stimuli of a different size (5.48 ± 2.72 and 0.23 ± 0.07 for the intercept and slope, respectively). Thus, for the eccentricity of about 42 min of arc (the distance between the midpoint of the hypotenuse and vertices of isosceles rectangular triangle with legs of length of 60 min of arc) the width of the area of centroid extraction can be estimated as falling within the range of 16.06 ± 5.6 min of arc (the significance level 0.05). In order to verify whether the width estimated is compatible with the results obtained in fitting of the present experimental data (Table 2 , parameter S = 4r), analysis by t-test (unequal sample sizes and variances, a = 0.05) has been performed. As can be seen in Table 2 , the null hypothesis of the equality of means cannot be rejected (in all cases P > 0.05), and this result does not contradict the idea that the effects of centroid extraction are powerful enough to account for the perceptual positional shifts obtained in the present experiments. Additional analysis of the data with the chi-square test ( . One of the simplifying assumptions inherent in our modeling is that the distortions of the positional information occur due to the lateral integration of signals at relatively low levels of the visual processing (lower-order visual cortical areas or some sub-cortical structures, e.g., superficial layers of the superior colliculus), whereas higher-level neural mechanisms that utilize this information are accurate and, therefore, do not contribute by themselves to illusion magnitude. The assumption is based on the experimental findings (Badcock & Westheimer, 1985; Morgan & Ward, 1985; Toet & Koenderink, 1989) , which have convincingly demonstrated that the presence of neighboring distracters may change the apparent position of the visual target, but has almost no influence on the thresholds of the differential spatial displacement discrimination. An important consequence of the simplification is that neither the data of our previous experiments on the illusions of extent nor those obtained in the present study of the right-angle stimuli do not allow us to speculate more or less definitely regarding the nature of these higher-level mechanisms and, thus, to determine whether the same or different neural computation procedures may be involved in performing of such dissimilar visual tasksthe comparison of lengths of stimulus parts and assessment of their mutual perpendicularity. Nevertheless, the success in application of the same computational approach in the explanation of different experimental data supports the suggestion that the observers' misjudgments in both length-and angle-matching tests can be determined by the same reason, i.e., by the losses in positional acuity due to coding of stimuli elements locations via centroids.
Since the stimuli used in the present experiments were composed of separate elements, the results obtained cannot be immediately extended to more general conditions; therefore, further studies are needed to verify whether the same interpretation of perceptual misjudgments can be used when the right angles are defined by lines or edges. Nevertheless, our suggestion that the right angle discrimination may be subject to distortions and inaccuracies caused by the processes of centroid extraction is consistent with the findings (Kennedy, Orbach, & Loffler, 2006 , 2008 revealing that the perception of the angle size is markedly influenced by the contextual surrounding within which this angle is presented. The authors have demonstrated that the angle at the vertex of isosceles triangle (either outlined or defined by three dots) appeared to the observers substantially larger than the same angle embedded in a scalene triangle. To account for the experimental data, the model composed of two parallel mechanisms for determining angular magnitude has been proposed (Kennedy, Orbach, & Loffler, 2008) . The first mechanism, somewhat similar to that suggested in earlier investigations on the angle perception (Chen & Levi, 1996; Heeley & Buchanan-Smith, 1996; Regan, Gray, & Hamstra, 1996; Snippe & Koenderink, 1994) , encodes the angle size upon evaluation of the difference between the orientations of the lines bounding the angle. The second mechanism estimates the aspect ratio of the triangles, i.e., performs the computational procedures concerned with the assessment of stimulus linear dimensions (height and width). The authors argued that the high sensitivity of aspect ratio judgments could determine lower angle discrimination thresholds than those predicted by the orientation-difference scheme, and, also, could explain a larger apparent size for the angle embedded in the isosceles triangle compared to that in the scalene one. We believe that the suggestions used in the explanation of our present experimental results do not contradict the hypothesis that the aspect ratio computations can be utilized by the visual system when judging geometric angles. According to the ''centroid'' approach, the visual system fails to extract the position of triangle vertex independently of two sides (real or interpolated) that form this vertex. Due to the processes of centroid extraction the perceived positions of the vertices are biased inward the triangle, and the magnitude of the bias of each vertex is dependent on the length of triangle sides (i.e., the Mül-ler-Lyer wings) and the size of the angle between the sides (i.e., the internal angle of the wings). Therefore, for different triangle shapes (isosceles or scalene) the centroid biases can result in different changes of their linear dimensions and, consequently, aspect ratios. Our rough estimates show that the effects of centroid extraction can contribute about 3-5°to the errors in angle judgments under the experimental conditions described in Kennedy, Orbach, and Loffler (2008) , and we suppose that such substantial distortions should not be disregarded in speculations concerning the mechanisms underlying the perception of geometric angles.
In conclusion, the coincidence between theoretical and experimental curves obtained in the present study indicates that for the type of stimuli tested the distortions in perpendicularity judgments can be explained by the perceptual displacements of Table 2 The results of comparison (t-test) of the width of the area of centroid extraction obtained in the present study with that (16.06 ± 5.6 min of arc) from our previous studies of illusions of extent. a S (min of arc), the width of the area of centroid extraction; t, test statistic (number of degrees of freedom shown in parentheses); P, the P-value.
stimulus components. Moreover, the magnitude of the displacements is quite compatible with the predictions of our model of automatic centroid extraction. Thus, at least for the stimuli consisting of separate clusters of elements, the results support the suggestion regarding the common ''centroid'' origin of the illusions of extent of the Müller-Lyer (Brentano) type and illusion of the perpendicularity investigated.
